
REMARKS 

The present Amendment amends claims 22, 24, 25, 36, 37 and 41 , leaves 
claims 23, 35 and 42 unchanged, cancels claims 1-21 , 26-34, 38-40 and 43-45 and 
adds new claims 46-60. Therefore, the present application has pending claims 22- 
25, 35-37,41,42 and 46-60. 

Applicants respectfully request the Examiner to contact Applicants' Attorney 
by telephone so as to schedule an interview to discuss the outstanding issues of the 
present application prior to examination. 

Claims 24-34 stand rejected under 35 USC §112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter 
which Applicants regards as the invention. As indicated above, claims 26-34 were 
canceled. Therefore, this rejection with respect to claims 26-34 is rendered moot. 
Amendments were made to claims 24 and 25 to bring them into conformity with the 
requirements of 35 USC §112, second paragraph. Therefore, Applicants submit that 
this rejection is overcome and should be withdrawn. 

Specifically, amendments were made to claims 24 and 25 to overcome the 
objections noted by the Examiner in paragraphs 4 and 5 of the Office Action. 

The Examiner's cooperation is respectfully requested to contact Applicants' 
Attorney by telephone should any further indefinite matters be discovered so that 
appropriate amendments may be made. 

Claims 22-26, 37 and 41-44 stand rejected under 35 USC §1 02(b) as being 
anticipated by Sato (JP 7-201831); claims 27-31 stand rejected under 35 USC 
§1 03(a) as being unpatentable over Sato in view of Shamouilian (U.S. Patent No. 
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6,095,084); claims 16, 32-34 and 36 stand rejected under 35 USC §1 03(a) as being 
unpatentable over Sato and Shamouilian in view of Koshimizu (U.S. Patent No. 
5,997,687); claim 35 stands rejected under 35 USC §103(a) as being unpatentable 
over Sato in view of Koshimizu; and claim 45 stands rejected under 35 USC §1 03(a) 
as being unpatentable over Sato. As indicated above, claims 26-34, 38-40 and 43- 
45 were canceled. Therefore, these rejections with respect to claims 26-34, 38-40 
and 43-45 are rendered moot. These rejections with respect to the remaining claims 
22-25, 35-37, 41 and 42 are traversed for the following reasons. Applicants submit 
that the features of the present invention as now recited in claims 22-25, 35-37, 41 
and 42 are not taught or suggested by Sato, Shamouilian and Koshimizu whether 
taken individually or in combination with each other as suggested by the Examiner. 
Therefore, Applicants respectfully request the Examiner to reconsider and withdraw 
these rejections. 

Amendments were made to the claims in order to clearly describe the features 
of the present invention. Particularly, amendments were made to the claims to more 
clearly describe two unique features of the present invention. One being the tube- 
shaped configuration of the discharge electrode and other being the overlapped 
configuration between the discharge electrode and the magnetic force line 
generation portion. 

As to the tube-shaped configuration of the discharge electrode, the discharge 
electrode is configured in a tube-shaped since a treated wafer is circle. Thus, it is 
possible to perform wafer surface treatment under uniform plasma density 
conditions. 
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When the tube-shaped discharge electrode is disposed in a manner that its 
wall extends in the horizontal direction like Sato, the wall is apt to be warped or 
deformed due to its own weight. For example, in the case of employing a tube- 
shaped discharge electrode with a diameter of 470 mm, even when the electrode 
warps or deforms by 1 mm, the plasma processing uniformity may be degraded by at 
least 5% at the time of processing a wafer with a diameter of 300 mm. In contrast, 
according to the present invention, since the wall of the tube-shaped discharge 
electrode is disposed to extend in the vertical direction, the electrode hardly warps or 
deforms and hence there does not arise such a problem of Sato. Therefore, the 
present invention as claimed has unique advantages over the apparatus as taught 
by Sato. 

First, the technical merit resulting from the features "second high-frequency 
electric power applicator that applies second high-frequency electric power to said 
substrate stage" is described on page 7, lines 1-10 of the original specification. 
Secondly, the upper wall is (directly) coupled to the reference voltage (ground or 
earth level). 

When the upper wall is grounded like the present invention, the earth 
electrode (upper electrode) with a sufficient area can be secured. That is, when the 
earth electrode with a sufficient area is provided to face on the plasma generation 
region established in the interior of the vacuum vessel and then electric field is 
applied between the tube-shaped discharge electrode and the earth electrode, the 
plasma can be generated stably and uniformly and so the substrate can be treated 
uniformly. 
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Further, in the present invention, when the electric field is applied between 
such the earth electrode (upper wall) and the substrate stage applied with the high- 
frequency electric power, the plasma density at the center area of the vacuum vessel 
can be increased, thereby improving the plasma processing efficiency and the 
uniformity of the plasma processing. 

In contrast, if the earth electrode with a sufficient area is not secured, the 
plasma becomes unstable in a manner that the plasma appears and disappears 
unstably and so the substrate cannot be treated uniformly. Furthermore, in the 
present invention, since the upper electrode is directly earthed (grounded), the 
voltage difference between the discharge electrode applied with the high-frequency 
electric power becomes larges as compared with the case where the upper electrode 
is earthed (grounded) through an electric parts such as a capacitor, so that the 
plasma processing efficiency can be improved. 

As described on page 9, lines 15-22 of the original specification, since the 
high-frequency electric power is applied to the substrate stage through the 
resonance circuit, it is not necessary to separately provide the high-frequency 
electric power applicator. Further, in the present invention, there does not arise such 
problems due to the separate provision of another high-frequency electric power 
applicator for the substrate stage that electric powers applied from both the first and 
second high-frequency electric power applicators interfere to each other and so 
miss-matching arises. Furthermore, the substrate stage can be less damaged by the 
plasma. 
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In Sato, gas is introduced from the gas introduction tube 8 of the side wall and 
supplied to the two substrates 6 disposed at both sides of the tubular discharge 
electrode, as shown in Fig. 1 . According to such an arrangement, the plasma 
processing efficiency differs between the substrate closer to the gas introduction 
tube 8 and the other substrate more far from the gas introduction tube 8, and so the 
substrate processing uniformity within the substrate surface degrades. 

In contrast, according to the present invention, since the substrate is disposed 
only at the one side of the tube-shaped discharge electrode, there does not arise 
such a problem. That is, the gas is introduced within the tube-shaped discharge 
electrode from the upper wall opposing to the substrate stage and exhausted from 
the exhaust disposed at the lower side of the substrate stage, whereby the gas can 
be supplied uniformly on the substrate entirely and so the substrate processing can 
be performed uniformly. Such a unique configuration is not taught or suggested in 
Sato or any of the other plasma processing apparatus employing the tube-shaped 
discharge electrode of record. 

As to the overlapped configuration between the discharge electrode and the 
magnetic force line generating portion, the electric fields is likely concentrated at the 
edge portions of the discharge electrode. When the electric fields is concentrated at 
the edges of the discharge electrode, a large-quality of ions or particles collide with 
the edges under a state of being accelerated by the electric field thus concentrated. 
As a result, the discharge electrode is etched at the corner portions and hence the 
wafer and the substrate are polluted by metallic contamination. 
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In order to solve such a problem, according to the present invention, at least 
one of the first and second magnetic force line generating portions (magnets) is 
provided so as to overlap with the one end portion of the outer periphery side of the 
discharge electrode as shown in Fig. 1. 

The magnet has such a property that the closer to the center of the surface of 
the magnet, the larger the density of the magnetic fluxes becomes. Thus, when the 
magnet is disposed so as to overlap with the discharge electrode as shown in the 
attached Sketch A, the concentration of the electric fields at the corner portions of 
the discharge electrode can be effectively relaxed or reduced. Such a reduction or 
relaxation is effective when the magnet is disposed so as to overlap with the 
discharge electrode. 

Further, the moving speed of the charged particles (ions and electrons) 
existing within the magnetic field is proportional to the intensity of the electric field 
but is inverse proportional to the intensity of the magnetic field (that is, V = 10 8 E/B 
(where V represents a moving speed of the charged particle, E is an intensity of 
electric field and B is an intensity of magnetic field). 

Thus, according to the aforesaid configuration of the present invention that "at 
least one of the first and second magnetic force line generating portions (magnets) is 
provided so as to overlap with the one end portion the outer periphery side of the 
discharge electrode", occurrence of such the aforesaid problem common in 
apparatus such as that taught by Sato where "the discharge electrode is etched at 
the corner portions and hence the wafer and the substrate are polluted by metallic 
contamination" can be prevented. 
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Thus, as is quite clear from the above, the features of the present invention as 
now more clearly recited in the claims are not taught or suggested by Sato whether 
taken individually or in combination with any of the other references of record, 
namely Shamouilian or Koshimizu. Therefore, Sato fails to anticipate nor render 
obvious the features of the present invention when taking alone or in combination 
with Shamouilian or Koshimizu. 

Particularly, the combination of Sato, Shamouilian and Koshimizu fails to 
teach or suggest the above described features of the present invention regarding the 
tube-shaped configuration of the discharge electrode and the overlapped 
configuration between the discharge electrode and the magnetic force line 
generating portion as recited in the claims of the present application. Accordingly, 
reconsideration and withdrawal of the above described rejections of the claims under 
35 USC §102 and 35 USC §103 as being unpatentable over Sato, Shamouilian and 
Koshimizu as alleged by the Examiner is respectfully requested. 

As indicated above, new claims 46-60 were added. New claims 46-60 recite 
many of the same features shown above not to be taught or suggested by any of the 
references of record. Therefore, the same arguments presented above with respect 
to claims 22-25, 35-37, 41 and 42 apply as well to new claims 46-60. 

The remaining references of record have been studied. Applicants submit 
that they do not supply any of the deficiencies noted above with respect to the 
references utilized in the rejection of claims 22-37 and 41-45. 
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In view of the foregoing amendments and remarks, Applicants submit that 
claims 22-25, 35-37, 41, 42 and 46-60 are in condition for allowance. Accordingly, 
early allowance of claims 22-25, 35-37, 41 , 42 and 46-60 is respectfully requested. 

To the extent necessary, the applicants petition for an extension of time under 
37 CFR 1 .136. Please charge any shortage in fees due in connection with the filing 
of this paper, including extension of time fees, or credit any overpayment of fees, to 
the deposit account of Antonelli, Terry, Stout & Kraus, LLP, Deposit Account No. 
01-2135 (500.42439X00). 



Respectfully submitted, 



ANTONELLI, TERRY, STOUT & KRAUS, LLP 




Carl I. Brundidge 
Registration No. 29,621 



CIB/jdc 

(703)312-6600 
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More specifically, when a solid device is further miniaturized, greater 
precision in the direction of ion incidence on the substrate is demanded. 
This incidence direction precision depends on the pressure of the discharge 
gas. That is, when the gas pressure is low, the incidence direction precision 
5 is higher, and when that pressure is high, the precision is lower. This is 
because, when the gas pressure is high, as the ions in the plasma impact the 
substrate while being accelerated by the sheath voltage on the surface of the 
substrate, they collide with neutral gas before reaching the surface. Thus it 
is necessary to generate plasma at low gas pressures to cope with further 

10 miniaturization in solid devices. 

By low gas pressure, furthermore, although this will differ according to 
the type of surface treatment involved, is generally meant a pressure of 30 m 
Torr or less. By way of comparison, when a semiconductor device wafer is 
subjected to dry etching, the plasma should be generated with a gas pressure 

15 of about 10 m Torr. 

The magnetron high-frequency discharge type of plasma generation 
apparatus has been known for some time as a plasma generation apparatus 
capable of generating plasma at low gas pressures. This apparatus 
generates plasma by magnetron discharges using a high-frequency electric 

20 field. 

An example of such a plasma generation apparatus is described in the 
literature cited below. 

Reference: Unexamined Patent Application (Tokkai] No. H7-201831 
[1995]. 

25 The plasma generation apparatus described in the cited literature is 

fashioned so that it generates plasma by generating magnetron discharges 
by a high-frequency electric field formed by a cylindrical discharge electrode 
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and a magnetic field formed by ring-shaped permanent magnets. 
pSUMMARY OF THE INVENTIO>T) 
With the plasma generation apparatus described in the cited patent 
application, however, there is a problem in that high-density plasma cannot 
5 be generated in the center of the plasma generation region. This is due to 
fact that, in this plasma generation apparatus, plasma is mainly generated 
at the surface of the discharge electrode. By center of the plasma 
generation region here is meant the center in the radial dimension of the 
discharge electrode (and so hereinafter). 

10 Thus, with this plasma generation apparatus, when a plasma surface- 

treatment apparatus is implemented, there is a problem in that surface 
treatment cannot be performed under uniform plasma density conditions. 

In order to resolve this problem, it is only necessary to install the 
susceptor in a location that is considerably removed from the discharge 

15 electrode in the axial direction thereof. By susceptor here is meant a 
substrate carrier which the substrates being processed are carried. 

With such a configuration as this, however, although it is possible to 
perform surface treatment under uniform plasma density conditions, it is not 
possible to perform surface treatment under conditions of high plasma 

20 density, which constitutes a new problem. This is due to the fact that, in a 
plasma generation apparatus such as that described above, as the distance 
from the discharge electrode increases in the axial direction, plasma density 
declines due to plasma diffusion loss. As a consequence, with such a 
configuration as this* the surface treatment processing speed becomes slow. 

25 In view of the foregoing, there is a need for a modified magnetron high* 

frequency type of plasma generation apparatus that can generate high- 
density plasma in the center of the discharge electrode as well as at the 
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periphery. By periphery of the plasma generation apparatus here is meant 
the peripheral region in the radical dimension of the discharge electrode (and 
so hereinafter). T~1u_ c^t^^<t^^ 

'^^Jiere^ipo^ an object of the present invention is to provide a modified 
5 magnetron high-frequency discharge type plasma generation apparatus 

capable of generating high-density plasma in the center of the plasma 

generation region as well as at the periphery - 

The plasma generation app ar atus fdeso dbed^n^Tl^^ ^ f or the purpose 

of resolving the problem noted above, ^omprisej^ vacuum vessel, gas 
10 induction means, exhaust means, discharge electrode, first high-frequency 

electric power application means, magnetic force line formation means, and 

two walls. 

The vacuum vessel is a vessel in the interior of which is established a 
plasma generation region. The gas induction means are means for 
15 inducting discharge gas into the interior of tVe vacuum vessel. The exhaust 
means are means for exhausting the atmosphere in the interior of the 
vacuum vessel. The discharge electrode is an electrode positioned so as to 
enclose the plasma generation region. This electrode is formed in a 
cylindrical shape. 

20 The first high-frequency electric power application means are means 

for applying high-frequency electric power to the discharge electrode. The 
magnetic force line generation means are means for forming prescribed lines 
of magnetic force. These magnetic force lines have portions that roughly 
parallel the discharge electrode center axis, the length of these parallel 

25 portions becoming longer the closer they are to the center axia. The two 
walls are walls that define the scope of the plasma generation region in the 
dimension of the discharge electrode center axis. These two walls are 
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positioned so as to sandwich the plasma generation region between them in 
the dimension of the center axis of the discharge electrode. 

The plasma generation apparatus Qited in Claim lTj moreover, is 
characteristic in that it is configured so that the magnetic force lines that 

5 pass through the center of the plasma generation region are shaped so that 
they do not intersect the two walls. 

These magnetic force lines are formed, for example, by suitably setting 
the size of the vacuum vessel, the position and configuration of the magnetic 
force lines forming means, and the position of and interval between the two 

10 walls, etc. 

With the plasma generation apparatus ^escribed in Claiin^lj? when 
plasma is generated, discharge gas is inducted by the gas induction means 
into the interior of the vacuum vessel. When this is done, furthermore, the 
atmosphere in the interior of the vacuum vessel is exhausted by the exhaust 

15 means. Thus the interior of the vacuum vessel is established in e condition 
of reduced pressure. In this case, moreover, high-frequency electric power 
is applied to the discharge electrode. Thus is formed a high-frequency 
electric field component oriented in the radical direction of the discharge 
electrode. And, furthermore, magnetic force lines having portions roughly 

20 parallel to the center axis of the discharge electrode are formed by the 
magnetic force lines forming means. Thus are formed a high-frequency 
electric field and magnetic field that are mutually perpendicular in the 
plasma generation region. As a consequence, the electrons emitted by the 
discharge electrode exhibit magnetron motion. This magnetron motion 

25 generates magnetron discharges. Plasma is generated by the magnetron 
discharges. 

With this apparatus, configured in this way, the magnetic force lines 
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that pass through the center of the plasma generation region are established 
having a shape wherewith they do not intersect the two walls. Thus the 
outflow of high-energy electrons can be suppressed in the center of the 
plasma generation region. 

By high-energy electron outflow here is meant the flowing out, through 
the walls, of high -energy elections trapped by the magnetic force lines. 
This outflow occurs irrespective of the material of which the two walls are 
made. That being so, this outflow is determined by the difference between 
the surface potential on the two walls and the plasma space potential, and by 
the positional relationship between the two walls and the magnetic force 
lines formed in the plasma generation region. 

By means of this supprnssion, magnetron discharge generation 
efficiency can be enhanced in the center of the plasma generation region just 
as at the periphery. Thus plasma generation efficiency is enhanced in the 
center of the plasma generation region as at the periphery thereof. As a 
consequence high-density plasma can be generated in the center of the 
plasma generation region just as in the ^^^^^j)^^^ 

The plasma generation apparatus^gted in Claim 2 is the apparatus 
cited in Claimj). wherein the two walls are formed of a material exhibiting 

20 electrical conductivity. J^r*~4*£ <*>~^ 

With the plasma generation apparatu^ed in Claim ^Jthe two walls 
lire} formed of a material exhibiting electrical conductivity Thu^it is 
possible, using these walls, to electrically control the^nsity of the plasma. 
The, plasma gene^atinr^pajaTu^^^ Claim 3 is the apparatus 
25 cited in Claim T^further^omp rising) second high-frequency electric power 
application means for applying high-frequency electric power to one of the 
two walls. 
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With the,plasma generation apparatusjcited in Claim ijhigh-frequency 
electric power is applied by the second high-frequency electric power 
application means to one of the two walls. Thus a high-frequency electric 
field is formed in the center axial dimension of the discharge electrode. As a 

5 consequence, the high-energy electrons trapped by the magnetic force lines 
exhibit high-frequency oscillation in the direction of the center axis of the 
discharge electrode. This high-frequency oscillation generates discharges 
(hereinafter called •high-frequency oscillation discharges") that differ from 
the magnetron discharges. As a result, plasma generation efficiency is 

10 enhanced. 

The high-frequency oscillation discharge generation efficiency rises 
higher in the center of the plasma generation region than at the periphery. 
This is so because, in the magnetic force linea. the portions thereof parallel to 
the discharge electrode center axis become longer the closer they are to the 

center axis. Thus plasma generation efficiency in the center of the plasma 

r 

generation region is enhanced. /cO^- J-^c^^ ^nrv-«— 

' The plasma generation apparatuj^ted in Claim 4 is the apparatus 
cited in ClaimJ, wherein the other of the two walls is connected to a 
reference potential point. _ 

With the plasma generation apparatus ^escribed in Claim ^he other 
of the two walls is connected to the reference potential poinl£_ThuJ the 
average plasma space potential can be made low. As a result, it is possible 
to reduce contamination by metal from the other electrode surface connected 
to the reference potential pointy- . ^ ^p^c^^fX ^r^e_ 

The plasma generation^ aratus cited in Claim 5 is the apparatus 
cited in ClaimJ( wherein the other of the two walls is established in an 
electrically floating state. 
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With the plasma generation apparatug^lescribed in Claim fil the other 
of the two walls is established in an electrically floating state. 
Thus it is possible to reduce the damage done in the other of the two walls by 
the sheath voltage. ^ Jl^t^Jl ^t 1 ^ — 

5 The plasma generation apparatu^jcited in Claim 6 is the apparatus 

oted in either Claim 4 ot^[ wherein the other of the two walls is used as a 
holder for holding the object being treated when that object being treated is 
subjected to a prescribed treatment. ^ ^ dL^<y^ 

With the ^plasma generation apparatus^described in Claim^/ it is 

10 possible to lower the sheath voltage in the surface of the object being treated 
that is being held by the other of the two walls. Thus it is possible to reduce 
the damage done to the object being treated by the sheath voltage. 

The plasma generation apparatus^ited in Claim 7 is the apparatus 
cited in Claim_^, wherein the first-frequency electric power application 

15 means jcomprisea^a first high-frequency electric power supply f^ c outputting 
the high-frequency electric power applied to the discharge electrode. 
Moreover, the second high-frequency electric power application means 
comprises a second high-frequency power supply for outputting the high- 
frequency electric power that is applied to one of the two walls by the second 

20 high-frequency electric power application means. ^ ^/^^^^^ 

With the plasma generation apparatu^cited in Claim^, the high- 
frequency electric power applied to the discharge electrode is output from the 
First high-frequency electric power supply. On the contrary, the high- 
frequency electric power applied to one of the two walls is output from the 

25 second high-frequency electric power supply. Thus the magnitude of the 
high-frequency electric power applied to the discharge electrode and the 
magnitude of the high-frequency electric power applied to one of the two 
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walls can be set independently. As a consequence, the density of the plasma 
generated by the magnetron discharges and the density of the plasma 
generated by the high-frequency oscillation discharges can be set 
independently. Thus it is possible to establish the density distribution of 
the plasma in the radial dimension of the discharge electrode as a uniform 
density distribution. „ - A > 

The plasma generation apparatus^ited in Claim 8 is the apparatus 
cited in Claim 3, wherein the first high-frequency electric power application 
means /comprised ^igh -frequency electric power supply for outputting the 
high-frequency electric power applied to the discharge electrode. In this 
apparatus, moreover, the second high-frequency electric power application 
means comprises a high-frequency resonant circuit that resonates with the 
high-frequency electric power output by the high-frequency electric power 
supply, 

IS With the plasma generation apparatus/5escribed in ClaimJ^, the high- 

frequeti y electric power applied to the discharge electrode is provided by the 
high-frequency electric power supply. On the contrary, the high-frequency 
electric power applied to one of the two walls is provided from the high- 
frequency power supply via the high-frequency resonant circuit. Thus the 

20 number of high-frequency electric power supplies can be limited to one. As 
a consequence, it is possible both to keep the apparatus circuit configuration 

simple and to reduce manufacturing costs^_ ^ 

, The plasma generation apparatus /cited in Claim 9 is the apparatus 



cited in Claimj), wherein both of the two walls are connected to the reference 
25 potential point. ^^o^u^^ 

In the plasma generation apparat^^described in Claim "9) both of the 
two walls are connected to the reference potential point. This makes it 
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possible to lower the average plasma apace potential even farther. As a 
result, contamination by metal from the surface of the electrode connected to 
the reference potential point can be suppressed to a bare minimum 

The plasma gener^tic^^paratu^|fcited in Claim 10 is the apparatus 
cited in ClainTj), further ^mpnsin^] control means for controlling the 
magnitude of the high-frequency electric power applied by the first high- 
frequency electric power application means to the discharge electrode. 

With the plasma generation apparatus^describec^^ Claim^Tj^ the 
magnitude of the high-frequency electric power applied to the discharge 
electrode is controlled by the control means. Thus the density of the plasma 
generated by the magnetron discharges can be controlled. 

Ihe plasma generation apparatus fcited in Claim 11 is the apparatus 
cited in ClaimJZi further ^mprising)jf(Control means for controlling the high- 



frequency electric power output by the first and second high-frequency 
electric power supplies. o^^— 

With the plasma generation apparat^)^describe<^[iri Claim jf^, the 
magnitude of the high-frequency electric power applied to the discharge 
electrode and the magnitude of the high-frequency electric power applied to 
one of the two walls are controlled by the control means. Thus the density 
of the plasma generated by the magnetron discharges and the density of the 
plasma generated by the high-frequency oscillation discharges can be 
controlled. As a consequence, the density distribution of the plasma in the 
radial dimension of the discharge electrode can be controlled. 

The plasma generalaon apparat^cited in Claim 12 is the apparatus 
cited in Claim llj, wherein the control means are configured so that, when 
controlling the magnitudes of the high-frequency electric power output by 
the first and second high-frequency electric power supplies, both magnitudes 
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are controlled such that the ratio between them is always a predetermined 
value, , 

With the plasma generation apparatus^desciibecj^ m Claim 12), the 
magnitudes of the high-frequency electric power output from the first and 
5 second high-frequency electric power supplies are continually controlled so 
that the ratio between the two magnitudes is a predetermined value. Thus, 
when controlling the plasma density, that control can be effected while 
continually maintaining the prescribed plasma density distribution in the 
radial dimension of the discharge electrode. Also, by designating the 

10 magnitude of the high-frequency electric power output from either one of the 
first and second high-frequency electric power supplies, the magnitude of the 
high-frequency electric power output from the other is automatically 
corrected- Thus the operator work load when controlling the magnitude of 
the high-frequency electric power can be reduced. 

15 The plasma generation apparatus^ <Jited in Claim is the apparatus 

cited in Claira^, further j^mprisirl^^ntj^ for controlling the 

magnitude of the high-frequency electric power output by the high-frequency 
power supply. fa*^ 

With the plasma generation apparatus^ described^ Claim ^T^, by 

20 controlling the magnitude of the high-frequency electric power output by the 
high-frequency electric power supply, the magnitude of the high-frequency 
electric power applied to the discharge electrode is controlled. At the same 
time, furthermore, the magnitude of the high-frequency electric power 
applied to one of the two walls is also controlled. Thus the operator work 

25 load when controlling the magnitude of the high-frequency electric power 
can be reduced. c " 

The plasma generation apparatus? [cited in Claim 14 is the apparatus 
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cited in Claim l) further l^ojnprisingj^osition adjustment means for adjusting 
the positions of the two walls in the center axial dimension of the discharge 

electrode. ^ , 

With the plasma generation apparatus^ described^ Claim 14, the 
i positions of the two walls in the center axial dimension of the discharge 
electrode can be adjusted. Thus, after the apparatus hae been assembled, 
magnetic force lines can be formed that do not intersect the two walls. As a 
consequence, the formation of such magneticfor^lines xs made easy. 

The plasma generation^P^Jatus^ted in Claim 15 is the apparatus 
0 cited in Claimj/. wherein one of the two walls is used as a gas diffusion plate 
for diffusing the discharge gas in the plasma generation region. In this 
apparatus, furthermore, the other of the two walls is used as a holder for 
holding the object being treated when subjecting that object being treated to 
a prescribed treatment using the plasma. 
5 With the plasma generation apparatuaVdescribeoV^b Claim 13. the 

^iucharge gas inducted by the gas induction means is dispersed in the 
plasma generation region by one of the two walls. Thus the discharge gas is 
supplied uniformly throughout the plasma generation region. With this 
apparatus, furthermore, when the plasma is used to perform a prescribed 
20 treatment on an object being treated, that object being treated is held by the 
other of the two walls. Thus a plasma treatment apparatus can easily be 
configured from the plasma generation apparatus, ^^J^k^ 

The plasma generation^ap^a^^ed^n Claim 16 comprise^ a 
vacuum vessel, gas induction means, exhaust means, discharge electrode, 
25 first high-frequency electric power application means, magnetic force line 
formation means, two walls, mid second high-frequency electric power 
application means. 
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Here the vacuum vessel i, n vessel having a plasma generation region 
established in lts interior. The gas induction mean* are means for 
inducting the discharge gas into the intenor of the vacuum vessel. The 
axhaust means are means for exhausting the atmosphere in the interior 0 f 
the vacuum vessel. The discharge electrode is an electrode deployed so as to 
enclose the plasma generation region. This electrode is formed in a 
cylindrical shape. The first high-frequency electric power application 
means are means for applying high-fr^uency electric power to the discharge 
electrode. The magnetic force line formation means are means for forming 
magnetic force lines in the plasma generation region. The two walls are 
walls that define the scope of the plasma generation region in the center 
axial dimension of the discharge electrode. These two walls are formed of a 
material exhibiting electrical conductivity, and are deployed so as to 
sandwich the plasma generation region between them in the center axial 
dimension of the dischan* electrode. The second high-frequency electric 
power application means are means for applying high-frequency electric 
power to one of the two walls. 

With the plasma generation apparat^described^ Claim when 
generating plasma, discharge gas is inducted into the interior of the vacuum 
vessel by the gas induction means. When this is done, the atmosphere in 
the interior of the vacuum vessel is exhausted by the exhaust means. Thus 
the interior of the vacuum vessel is established in a reduced pressure state. 
When this is done, moreover, high-frequency electric power is applied to the 
discharge electrode. Thus a high-frequency field is formed that is oriented 
in the radial direction of the discharge electrode. In addition, when this is 
so. magnetic force lines are formed in the plasma generation rogion by the 
magnetic force line formation means. Thus the electrons exhibit magnetron 
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motion. Aa a result of this magnetron motion, magnetron discharges are 
generated. As a result of these magnetron discharges, plasma is generated. 

In this case, high-frequency electric power is supplied to one of the two 
walls. As a result, a high-frequency electric field is formed facing in the 
5 center axial direction of the discharge electrode. As a consequence, high- 
energy electrons trapped by the magnetic force lines exhibit high-frequency 
oscillation. As a result, discharges are generated that differ from the 
magnetron discharges. As a consequence, plasma generation efficiency can 
be raised higher than it can be with magnetron discharges only. 
10 Comprehended in this apparatus, moreover, are cases wherein there 

are no magnetic force lines which do not intersect with the two walls. In 
such cases, the number of high-energy electrons trapped in the magnetic 
force lines becomes small. As a result, the efficiency of plasma generation 
by magnetron discharge deteriorates. With this apparatus, however, high- 
15 frequency oscillation discharges are obtained. As a result, the decline in the 
efficiency of plasma generation by magnetron discuarge is compensated for. 

BRIEF DESCRI PTION OF THE DRAWINGS 
Fig. 1 is a lateral cross-sectional diagram of a first embodiment of the 
present invention; 

20 Fig. 2 is a lateral cross-sectional diagram of a second embodiment of the 

present invention; 

Fig. 3 is a lateral cross-sectional diagram of a third embodiment of the 
present invention; 

Fig. 4 is a lateral cross-sectional diagram of a fourth embodiment of the 

25 present invention; 

Fig. 5 is a lateral cross-sectional diagram of a fifth embodiment of the 

present invention; 



14 



9 • : » 



Fig. 6 is a lateral cross-sectional diagram of a sixth embodiment of the 
present invention; 

Fig. 7 is a lateral cross-sectional diagram of a seventh embodiment of the 
present invention; 

5 Fig. 8 is a lateral cross-sectional diagram of an eighth embodiment of the 
present invention; 

Fig. 9 is a table in which the performance of multiple plasma generation 

apparatuses is compared; 

Fig. 10 is a lateral cross-sectjonal diagram of a plasma generation apparatus 
10 that does not employ magnetron discharges. 

DESCRIPTI ON OF THE PREFERRED EMBODIMENTS 
Detailed descriptions of embodiments of the present invention are now 
given, making reference to the drawings. 
15 A first embodiment is described first, beginning with the configuration 

thereof. 

Fig. 1 is a lateral cross-sectional diagram of the first embodiment of the 

present invention. 

The plasma generation apparatus in this embodiment comprises a 
20 vacuum vessel 1 1, gas induction unit 12. exhaust unit 13. discharge electrode 
14, two permanent magnets 15 and 16. two walls 17 and 18. a first high- 
frequency oscillator 19, a first matching circuit 20. a second high-frequency 
oscillator 21. a second matching circuit 22. a blocking capacitor 23. a high- 
frequency shielding unit 24. a high-frequency shielding cover 25. and a 

25 controller 26. 

Here, the vacuum vessel 11 is a vessel having a plasma generation 
region 41 formed in its interior. In other words, this is a vessel that 
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provides a sealed plasma generation space. The gas induction unit 12 is a 
part fox* inducting discharge gas into the interior of the vacuum vessel 11. 
The exhaust unit 13 is a part for exhausting the atmosphere in the interior of 
the vacuum vessel 1 1- 

5 The discharge electrode 14 is an electron for forming a high-frequency 

electric field for magnetron discharges. The permanent magnets 15 and 16 
are magnets for forming magnetic force lines 43 for magnetron discharges. 
The two walls 17 and 18 are vails tor defining the scope of the plasma 
generation region 41 in the direction of the center axis 42 of the discharge 

10 electrode 14. These walls 17 and 18 are formed of an electrically conducting 
material. In this case, for example, the lower wall 18 is used as an electrode 
for forming a high-frequency electric field for the high-frequency oscillation 
discharges. Hereinafter, the upper wall 17 is called the top wall 17, and the 
lower wall 18 is called the bottom wall 18. 

15 The first high-fr^^u e ncy oscillator 19 is an oscillator that outputs high- 

frequency electric power for the magnetron discharges. This high-frequency 
oscillator 19 is, for example, connected via the first matching circuit 20 to the 
discharge electrode 14. The matching circuit 20, here, is a circuit for 
matching the first high-frequency oscillator 19 with the discharge electrode 

20 14. 

The second high-frequency oscillator 21 is an oscillator that outputs 
high-frequency electric power for the high-frequency oscillation discharges. 
This high-frequency oscillator 2 1 is, for example, connected to one or other of 
the two walls 17 and 18, for example to the bottom wall 18, via the second 
25 matching circuit 22 and the blocking capacitor 23. The matching circuit 22, 
here, is a circuit for matching the second high-frequency oscillator 21 and the 
bottom wall 18. The blocking capacitor 23 is a capacitor for removing the 
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DC component from the high-frequency electric power applied to the bottom 
wall 18. 

The high-frequency shielding unit 24 is a shielding unit for shielding 
the high-frequency electric field that is formed in the plasma generation 
region by the discharge electrode 14 and bottom wall 18. The high- 
frequency shielding cover 25 is a cover for shielding the high-frequency 
electric field formed outside the vacuum vessel 11 by the discharge electrode 
14. 

The controller 26 is a control unit that electrically controls the 
magnitude of the high-frequency electric power output from the high- 
frequency oscillators 19 and 21 under the control of an operator, for example. 
This controller 26 controls the magnitudes of the two high-frequency power 
levels so as to elicit a predetermined value for the ratio between the two. A 
value may be used, for example, wherewith plasma is obtained having a 
uniform density distribution in the axial dimension of the discharge 
electrode 14. 

The vacuum vessel 11 is formed, for example, in a cylindrical shape. 
This vacuum vessel 11 is positioned so that the center axis is vertically 
oriented. The gas induction unit 12 is formed, for example, in a cylindrical 
shape. This gas induction unit 12 is provided in the top plate 111 of the 
vacuum vessel 11. The exhaust unit 13 is formed, for example, in a 
cylindrical shape. This exhaust unit 13 is provided in the bottom plate 1 12 
of the vacuum vessel 11. 

The discharge electrode 14 is formed in a cylindrical shape. This 
25 discharge electrode 14 is positioned so that its axis coincides with the axis of 
the vacuum vessel 1 1. This discharge electrode 14 is also positioned so as to 
enclose the plasma generation region 41. This discharge electrode 14. 
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furthermore, is built into the vacuum vessel 11. More specifically, the 
vacuum vessel 1 1 is divided in two horizontally. The discharge electrode 14 
is inserted between the upper vessel 27 and lower vessel 28 obtained by that 
division. Hereinafter, the upper vessel 27 is called the top vessel 27, and 

5 the lower vessel 28 is called the bottom vessel 28. In this case, the 
discharge electrode 14 and the top vessel 27 are insulated by a ring-shaped 
insulator 29. Similarly, the discharge electrode 14 and the bottom vessel 28 
are insulated by a ring-shaped insulator 30. The top vessel 27 and bottom 
vessel 28 are also connected to the reference potential point. In the figure, 

10 this reference potential point represents the point where the electric 
potential is zero, that is, the condition where ground is established. 

The two permanent magnets 16 and 16 axe formed as rings. These 
permanent magnets 15 and 16 are positioned coaxially with the vacuum 
vessel 11. These permanent magnets 15 and 16 are positioned so as to 

15 enclose the discharge electrode 14. In this case, the permanent magnet 15 
is positioned near the upper edge of the discharge electrode 14, where the 
permanent magnet 16 is positioned near the lower edge of the discharge 
electrode 14. 

The permanent magnets 15 and 16 are magnetized in the axial 
20 dimension thereof. In this case, the permanent magnets 15 and 16 are 
magnetized in mutually opposing directions. That is, when, for instance, 
the interior portion of the permanent magnet 15 is the N pole, the exterior 
portion thereof is magnetized as the S pole. Hereinafter, the interior 
portion is called the interior, and the exterior portion is called the exterior. 
25 In this case, the permanent magnet 16 is magnetized so that its interior is 
the S pole and its exterior is the N pole. Therefore, in the plasma 
generation region 41, magnetic force lines 43 are formed which extend from 
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the interior of the permanent magnet 15 toward the center axis 42 of the 
discharge electrode 14, and thereafter extend toward the interior of the 
permanent magnet 16. These magnetic force lines 43 have portions that 
roughly parallel the center axis 42 of the discharge electrode 14. The 
5 lengths of these parallel portions become longer the closer they are to the 
center axis 42. In theory, in this case, the magnetic force lines 43, due to 
the interaction between the magnetic force lines 43 output from each portion 
of the permanent magnet lit, at their highest, bend back at the center axis 42 
of the discharge electrode 14. 

10 The two walls 17 and 18 are formed, for example, as flat circular plates. 

These walls 17 and 18 are positioned so as to sandwich therebetween the 
plasma generation region 41 in the center axis dimension of the discharge 
electrode 14. These wails 17 and 18 are also positioned perpendicular to the 
center axis 42 of the discharge electrode 14. In other words, the walls 17 

15 and 18 are posi^oaed in the horizontal. The top wall 17 and the vacuum 
vessel 11 are insulated by the insulator 31. Thus this top wall 17 is 
established in an electrically floating state. 

The top wall 17 is used, for example, as a gas diffusion plate for 
diffusing the discharge gas. For fhi« reason, multiple gas diffusion holes 32 

20 are formed in this top wall 17, The bottom wall 18 is used, for example, as a 
susceptor when this apparatus is used in fabricating a plasma surface 
treatment apparatus. That is, it is used as the substrate stage on which the 
substrate is carried. 

The high-frequency shielding unit 24 comprises, for example* two ring- 

25 shaped metal shielding panels 33 and 34. These metal shielding panels 33 
and 34 are positioned coaxially with the vacuum vessel 11. These metal 
shielding panels 33 and 34 are also positioned between the bottom wall 18 



19 




and the bottom vessel 28 30 as to enclose the bottom wall 18. In this case, 
the metal shielding panels 33 and 34 are positioned so as to be separated by 
a prescribed interval in the dimension of the center axis 42 of the discharge 
electrode 14. Also, the bottom wall 18 and high-frequency shielding unit 24, 
5 are insulated by insulators that are not shown in the drawing. 
Furthermore, the high-frequency shielding unit 24 and the bottom vessel 28, 
are established at the same potential. 

Exhaust holes 35 and 3G are formed in the metal shielding panels 33 
and 34 for exhausting the atmosphere from the plasma generation region 41. 

10 These exhaust holes 34 and 36 are formed so that they do not overlap 
completely. That is, they are formed so that they either overlap partially or 
do not overlap at all. In this manner, they serve in two capacities, namely 
to shield the high-frequency electric field, and to exhaust the atmosphere. 
The high-frequency shielding cover 25 is attached to the outer wall of the 

15 vacuum vessel 11 so as to enclose the discharge electrode 14. 

In the configuration described above, the vacuum vessel 1 1 corresponds 
to the vacuum vessel in the present invention, the gas induction unit 12 
corresponds to the gas induction means therein, and the exhaust unit 13 
corresponds to the exhaust means therein. The discharge electrode 14, 

20 furthermore, corresponds to the discharge electrode in the present invention, 
the permanent magnets 15 and 16 correspond to the magnetic force line 
formation means therein, and the two walls 17 and 18 correspond to the two 
walls therein. Hie first high-frequency oscillator 19 and the first mat chin g 
circuit 20 correspond to the first high-frequency power application means in 

25 the present invention, the second high-frequency oscillator 21, the second 
matching circuit 22, and the blocking capacitor 23 correspond to the second 
high-frequency electric power application means therein, and the controller 
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26 corresponds to the control means therein. 

The plasma generation apparatus of this embodiment, furthermore, is 
configured so that the magnetic force lines 43 that pass through the center of 
the plasma generation region 41 are shaped so that they do not intersect the 

5 two walls 17 and 18. This is achieved by, for example, appropriately setting 
the prescribed parameters These parameters may include, for example, 
the size of the vacuum vessel 11, position, size, and interval (in the 
dimension of the center axis 42 of the discharge electrode 14) of the 
permanent magnets 15 and 1G, and the position and interval (in the 

10 dimension of the center axis 42 of the discharge electrode 14) of the walls 17 
and 18. The non -intersecting configuration described in the foregoing can 
be implemented by, for example, suitably setting any one or any plurality of 
these parameters. 

The plasma generating action in the configuration described in the 
15 foregoing is now described. 

The plasma generation action by magnetron discharges is first 
described. 

In this embodiment, when plasma is generated, discharge gas is 
inducted into the interior of the vacuum vessel 11 by the gas induction unit 
20 12. This discharge gas is diffused uniformly throughout the plasma 
generation region 41 by the plurality of gas diffusion holes 32 formed in the 
top wall 17. 

In this case, the atmosphere in the interior of the vacuum vessel 11 ia 
exhausted by the exhaust unit 13. Thus the interior of the vacuum vessel 
25 11 is established in a reduced pressure state. In this case, the atmosphere 
in the plasma generation region 41 is exhausted via the exhaust holes 35 and 
36 formed in the metal shielding panels 33 and 34. 
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In this case, high-frequency electric power is applied to the discharge 
electrode 14 from the high-frequency oscillator 19 through the matching 
circuit 20. Thus a high-frequency electric field is formed at the surface of 
the discharge electrode 14 facing the plasma generation region 41. 

In this case, furthermore, magnetic force lines 43 are formed by the 
permanent magnets 15 and 16. These magnetic force lines 43, as discussed 
already, have portions that roughly parallel the center axis of the discharge 
electrode 14. Thus a high-frequency electric field and magnetic field that 
are roughly perpendicular are formed in the plasma generation region 41. 
As a result, electrons are trapped in the magnetic force lines 43 in the 
vicinity of the discharge electrode 14 and exhibit magnetron motion. 
Due to this magnetron motion, the electrons are accelerated, and the 
discharge gas is made to discharge. These magnetron discharges cause 
plasma to be generated in the plasma generation region R. 
15 Next, the action of producing plasma by high-frequency oscillation 

discharge^ i-< described. 

When plasma is generated in this embodiment, high-frequency electric 
power is also applied to the bottom wall 18, from the high-frequency 
oscillator 21, via the mixing circuit 22 and blocking capacitor 23. A high- 
20 frequency electric field is thereby formed that is oriented in the direction of 
the center axis 42 of the discharge electrode 14 in the plasma generation 
region 41. As a result, the high-energy electrons trapped in the magnetic 
force lines 43 are made to oscillate at high frequency in the direction of the 
center axis 42. The high-energy electrons are heated by this high-frequency 
oscillation. This heating causes the discharge gas to discharge. The 
resulting high-frequency oscillation discharges generate plasma in the 
plasma generation region 41. This plasma is hereinafter called the second 
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plasma. 

Next, the first plasma density is discussed. 

The plasma density mentioned above is dependent on the magnetron 
discharge generation efficiency. This magnetron discharge generation 
5 efficiency, in turn, is dependent on the strengths of the high-frequency 
olectric field formed by the discharge electrode 14 and the strengths and 
shapes of the magnetic field formed by the permanent magnets 15 and 16. 
The high-frequency electric field and the magnetic field become stronger at 
the periphery than in the center of the plasma generation region 41. This is 

10 because the periphery of the plasma generation region 41 is closer to the 
discharge electrode 14 and to the permanent magnets 15 and 16 than is the 
center thereof. Therefore, the magnetron discharge generation efficiency 
becomes higher at the periphery of the plasma generation region 41 than in 
the center thereof. As a consequence, the density of the first plasma 

15 becomes higher at the periphery of *:h? plasma generation region 41 than in 
the center. 

The magnetron discharge generation efficiency, however, is dependent 
not only on the intensities of the high-frequency electric field and magnetic 
field, respectively, but also on the number of high-energy electrons trapped 

20 in the magnetic force lines 43. The number of these high-energy electrons 
becomes larger if the magnetic force lines 43 do not intersect the walls 17 
and 18. This is so because, when the magnetic force lines 43 do intersect 
the walls 17 and 18, the high-energy electrons trapped in these magnetic 
force lines 41 flow out via the walls 17 and 18. 

25 In this embodiment, the magnetic force lines 43 that pass through the 

center of the plasma generation region R are established so that they do not 
intersect the walls 17 and 18. Thus the outflow of high-energy electrons in 
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the center of the plasma generation region 41 is suppressed. As a result, 
magnetron discharge generation efficiency is raised in the center just as at 
the periphery. Thus the first plasma generation efficiency is raised in the 
center just as at the periphery. As a consequence, high-density first plasma 
is obtained in the center just as at the periphery. 
Next, the second plasma density is discussed. 

The density of the second plasma is dependent on the high-frequency 
oscillation discharge generation efficiency. This generation efficiency, in 
turn, is dependent on the lengxhs of those portions of the magnetic force lines 
43 which are roughly parallel to the center axis 42 of the discharge electrode 
14. In other words, if the lengths of those parallel portions become longer, 
the high-frequency oscillation discharge generation efficiency rises, and if 
those lengths become shorter, that efficiency declines. This is so because, 
when the lengths of the parallel portions become long, so does the distance 
15 over which the high-energy electrons can exhibit accelerated motion. 

In this embodiment, the lengths of the parallel portions are longer in 
the center of the plasma generation region 41 than at the periphery. Thus 
the high-frequency oscillation discharge generation efficiency is higher in the 
center of the plasma generation region 41 than at the periphery thereof. As 
20 a consequence, the density of the second plasma is higher in the center of the 
plasma generation region 41 than at the periphery. 

Thus it is seen that, when high-frequency oscillation discharges are 
generated, as compared to when they are not generated, the density of the 
plasma in the center of the plasma generation region 41 can be raised higher. 
25 Next, plasma density control is discussed. 

The density of the first plasma, as discussed in the foregoing, is 
dependent on the strength of the high-frequency electric field formed by the 
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discharge electrode 14. This strength of the high-frequency electric field, in 
turn, is dependent on the magnitude of the high-frequency electric power 
output from the first high-frequency oscillator 19. This high-frequency 
power magnitude is controlled by the controller 26, under the control of an 
operator. Thus the density of the first plasma is controlled by controlling 
this high-frequency power magnitude, under the control of an operator. 

The density of the second plasma is dependent on the strength of the 
high-frequency electric field formed by the bottom wall 18. This high- 
frequency electric field strength, in turn, is dependent on the magnitude of 
the high-frequency electric power output from the second high-frequency 
oscillator 21. This high-frequency electric power magnitude is controlled by 
the controller 26, under the control of an operator. Thus the density of the 
second plasma is controlled by controlling this high-frequency electric power 
magnitude, under the control of an operator. 

The density of the first plasma, as explained above, becomes higher at 
the periphery of the plasma generation region 41 than in the center thereof. 
On the contrary, the density of the second plasma, as also explained above, 
becomes higher in the center of the plasma generation region 42 than at the 
periphery. Accordingly, by appropriately controlling the magnitudes of the 
two high-frequency electric power levels, as noted above, it is possible to 
obtain plasma having a uniform density distribution throughout the entire 
plasma generation region 41. 

The ratio between the two high-frequency electric power levels when 
plasma exhibiting a uniform density distribution is obtained is roughly 
constant, irrespective of the plasma density. In this embodiment, therefore, 
this fact having been duly noted, when two high-frequency electric power 
magnitudes are controlled, that control is effected so that the ratio between 
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the two becomes a predetermined value. Therefore, when the magnitude of 
one of the two high-frequency power levels is designated by an operator, the 
magnitude of the other power level is automatically adjusted. As a result, 
plasma can be obtained which always exhibits a uniform density distribution 
5 throughout the entire plasma generation region 41. 

Next, the differences between the plasma generation method using the 
walls 17 and 18 and the plasma generation method using conventional 
parallel plate electrodes are discussed. 

The walls 17 and 18 in this embodiment have roughly the same shape 
10 as conventional parallel plate electrodes. Nevertheless, the method of 
generating plasma (second plasma) by the walls 17 and 18 differs from the 
plasma generation method by conventional parallel plate electrodes. 

That is, with the plasma generation method using conventional parallel 
plate electrodes, the plasma is mainly generated, by secondary electrons 
15 output by the impact of ions ^ the surface of the plate electrodes, after the 
ions have been accelerated by the sheath voltage of the plate electrodes, by 
electron heating caused by high-frequency fluctuations in the sheath voltage, 
and by electron heating caused by the ohmic resistance of the plasma. 

In contrast, in the method of generating plasma using the walla 17 and 
20 18, the plasma is generated by electron heating caused by the high-frequency 
oscillation of high-energy electrons trapped in the magnetic force lines 43. 

With the plasma generation method based on conventional plate 
electrodes, when the discharge gas pressure is high, it is possible to generate 
plasma having somewhat high density. When the gas pressure is low, 
25 however, high-density plasma cannot be generated. By a high gas pressure 
is here meant a gas pressure of 1 Torr or higher, for example. By a low gas 
pressure is meant a gas pressure of 30 m Torr or lower, for example. 
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In this embodiment, however, magnetic force lines 43 are formed which 
do not intersect the walls 17 and 18. Thus high-energy electrons are 
efficiently trapped in the magnetic force lines 43. As a result, high-density 
plasma can be generated even when the gas pressure is as low as 1 inTorr. 
5 The benefits of this embodiment are now discussed. 

This embodiment, as described in the foregoing, provides the following 
benefits. 

Firstly, when this embodiment is implemented, magnetic force lines 43 
that pass through the center of the plasma generation region 41 are 

10 established so that they do not intersect the walls 17 and 18. Because this 
is so, magnetron discharge generation efficiency can be raised in the center 
of the plasma generation region 41 just as at the periphery thereof. As a 
consequence, high-density first plasma can be generated in the center just as 
at the periphery. Incidentally, with this embodiment, using the same 

15 magnitude of high-frequency electric power applied to the discharge 
electrode 14 as in the apparatus described in the literature cited above, the 
density of the first plasma can be raised by a factor of 10. 

When this embodiment is implemented, moreover, the two walls 17 and 
18 are formed of a material exhibiting electrical conductivity. Therefore, 

20 using these walls 17 and 18, the density of the second plasma can be 
electrically controlled. 

When this embodiment is implemented, furthermore, high-frequency 
electric power is applied to the bottom wall 18. Thus it is possible to 
generate high-frequency oscillation discharges. As a result, the density of 

25 the plasma in the center of the plasma generation region 41 can be raised 
even higher than when these discharges are not generated. 

When this embodiment is implemented, moreover, the top wall 17 is 
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established in an electrically floating state. Thus it is possible to lower the 
sheath voltage in the surface of this top wall 17. As a result, it is possible to 
reduce the metal contamination in the top wall 17 that is caused by the 
sheath voltage. 

5 When this embodiment is implemented, furthermore, the high- 

frequency electric power applied to the discharge electrode 14 and the high- 
frequency electric power applied to the top wall 18 are output from separate 
high-frequency oscillators 19 and 21. Thus the magnitudes of the two high- 
frequency electric power levels can be set independently. As a result* the 
10 densities of the first and second plasma, respectively, can be set 
independently. Thus it is possible to establish uniform plasma density 
distribution in the axial direction of the discharge electrode 14. 

When this embodiment is implemented, moreover, a controller 26 is 
provided for controlling the magnitudes of the high-frequency electric power 
15 output from the high-frequency oscillators 19 and 21. Thus the densities of 
first and second plasmas, respectively, can be controlled. As a 
consequence, it is possible to control the plasma density distribution in the 
axial dimension of the discharge electrode 14. 

When this embodiment is implemented, furthermore, when the 
20 magnitudes of the two high-frequency electric power levels are controlled, 
they are controlled so that the ratio between the two is always at a 
predetermined value. Thus the prescribed plasma density distribution can 
be effected continually in the radial dimension of the discharge electrode 14. 
Also, the work load on the operator when controlling high-frequency electric 
25 power magnitudes can be reduced. 

When this embodiment is implemented, moreover, the two walls 17 and 
18 are provided as dedicated walls instead of being the top plate 111 and 
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bottom plate 112 of the vacuum vessel 11. Thus the top wall 17 can be 
utilized as a gas diffusion plate for diffusing the discharge gas. Also, when 
the plasma generation apparatus of this embodiment is used in configuring a 
plasma surface treatment apparatus, the bottom wall 18 can be used as a 
susceptor for carrying substrates. 

A modification of this embodiment is now described. 

In the foregoing description, a case is described wherein the top wall 17 
is established in an electrically floating state. In this embodiment, however, 
this may be fashioned so that it is connected to ground. In this 
configuration also, the average plasma space potential can be made amaUer. 
Thus it is possible to suppress metal contamination caused by other ground 
electrode. 

Fig. 2 is a lateral cross-sectional diagram representing the 
configuration of the second embodiment of the present invention. In the 
15 apparatus diagrammed >*« Fig. 2, the same reference characters are used to 
designate configurational elements having virtually the same function as 
those in the apparatus diagrammed in Fig. 1. and no detailed description of 
those elements is given here. This applies also to the third and following 
embodiments described subsequently. 

In the first embodiment, high-frequency electric power is applied to the 
bottom wall 18. In thia embodiment, however, as diagrammed in Fig. 2, 
high-frequency electric power is applied to the top wall 17, and the bottom 
wall 18 is connected to ground. 

With this configuration, while obtaining virtually the same benefits as 
in the previous embodiment, the following benefits axe also obtained. 

That is, when this embodiment is implemented, the bottom wall 18 is 
connected to ground. Therefore, the sheath voltage on the surface of the 
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bottom wall 18 can be made lower. As a result, damage done to the bottom 
wall 18 by the sheath voltage can be reduced. 

Furthermore, when this apparatus is used in fabricating a plasma 
surface treatment apparatus, che sheath voltage on the surface of the 
5 substrate carried on the bottom wall 18 can be made lower. As a 
consequence, damage done to the substrate by the sheath voltage can be 
reduced. 

A third embodiment will now be described. 

Fig. 3 is a lateral cross-sectional diagram representing the 
10 configuration of the third embodiment of the present invention. 

In the second embodiment, as described above, the bottom wall 18 is 
grounded. In this third embodiment, however, as diagrammed in Fig. 3, the 
bottom wall 18 is established in an electrically floating state. 

When this configuration is effected, the sheath voltage on the surface of 
15 the bottom wall 18 and substrate can be reduced even further than with the 
second embodiment. Thus damage done to the bottom wall 18 and 
substrates by the sheath voltage can be reduced even further. 

A fourth embodiment is now described. 

Fig. 4 is a lateral cross-sectional diagram representing the 
20 configuration of the fourth embodiment of the present invention. 

In the first, second, and third embodiment, as described, when high- 
frequency electric power is applied to the top wall 17 or the bottom wall 18. it 
is applied using the high-frequency oscillator 21. In other words, in the 
embodiments described, the power is applied using a high-frequency power 
25 supply that itself is capable of outputtLng the high-frequency power. In this 
fourth embodiment, however, as diagrammed in Fig. 4, this power is applied 
using a high-frequency oscillator circuit 51. 
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18 as in the first embodiment. 

A fifth embodiment is now described. 

Fig. 5 is a lateral cross-sectional diagram representing the 
configuration of the fifth embodiment of the present invention. 

In the first to the fourth embodiment, as described, high-frequency 
electric power is applied to one or other of the two walls 17 and 18. In this 
fifth embodiment, however, both of the walls 17 and 18 are grounded, as 
diagrammed in Fig. 5. In this embodiment, furthermore, no high-frequency 
electric power is applied, so the controller 26 is unnecessary. 

When such a configuration as this is implemented, the sheath voltage 
on the surface of the walls 17 and 18 can be made smaller. When this is 
done, the damage done to the walls 17 and 18 by the sheath voltage can be 
reduced. Similarly, when the bottom wall 18 is used aa a susceptor. the 
damage done to the substrates by the sheath voltage can also be reduced. 
15 A sixth embodiment is now described. 

Fig. 6 is a lateral cross-sectional diagram representing the 
configuration of the sixth embodiment of the present invention. 

In the fifth embodiment, both of the walls 17 and 18 are described as 
being grounded. In this sixth embodiment, however, the top wall 17 is 
established in an electrically floating state, as diagrammed in Fig- 6. 

When such a configuration as this is effected, the sheath voltage on the 
surface of the top wall 17 can be made smaller than it can be in the fifth 
embodiment. Thus using this embodiment, it is possible to further reduce 
contamination by metal from the top wall 17 caused by the sheath voltage. 
A seventh embodiment is now described. 

Fig. 7 i* a lateral cross-sectional diagram representing the 
configuration of the seventh embodiment of the present invention. 
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In the sixth embodiment, a3 described, only the top wall 17 is 
established in an electrically floating state. In this seventh embodiment, 
however, the bottom wall 18 is also established in an electrically floating 
state, as diagrammed in Fig. 7. 
5 When such a configuration as this is effected, the sheath voltage on the 

surface of the bottom wall 18 or substrates can be made smaller. Thus it is 
possible to reduce the damage done to the bottom wall 18 or substrates by 
the sheath voltage. 

An eighth embodiment is now described. 

10 Fig. 8 is a lateral cross-sectional diagram representing the 

configuration of the eighth embodiment of the present invention. 

In the first to the seventh embodiment, as described, the positions of 
the two walls 17 and 18 are fixed. By the positions of the two walls 17 and 
18 is here meant the positions in the dimension of the center axis 42 of the 

15 discharge electrode 14 (and so hereinafter). In this eighth embodiment, 
however, as diagrammed in Fig. 8, a position adjustment unit 55 capable of 
adjusting the position of the top wall 17 and a position adjustment unit 56 
capable of adjusting the position of the bottom wall 18 are provided. 

A wide variety of configurations are possible for these position 

20 adjustment units 55 and 56. In one possible configuration, for example, the 
walls 17 and 18 are each held by a sliding mechanism whereby the walls 17 
and 18 can be made to slide in the dimension of the center axis 42 of the 
discharge electrode 14. In another possible configuration, the walls 17 and 
18 are each held by an elevator mechanism whereby the walls 17 and 18 can 

25 be driven so as to rise or descend in the dimension of the center axis 42 of the 
discharge electrode 14. In Fig. 8 the position adjustment units 55 and 56 
are represented conceptually. 
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When such a configuration as this is effected, after assembling the 
apparatus, the positions of the two walls 17 and 18 can be adjusted. Thus, 
after assembling the apparatus, magnetic force lines 43 can be formed such 
as do not intersect the two walls 17 and 18. thereby making it easy to form 

5 such magnetic force lines 43. 

When such a configuration as this is effected, furthermore, the 
positions of the two walls 17 and 18 can be adjusted independently, thereby 
rendering the position adjustment operation simple. 
A ninth embodiment of the present invention is now described. 

10 The external configuration of this ninth embodiment is. for example, 

the same in form as the first embodiment. The difference therebetween lies 
in the relationship between the magnetic force lines 43 and the two walls 17 
and 18. 

That is, in the first embodiment, as described, the magnetic force lines 
15 43 are formed so that they do not intersect the two walls 17 and 18 over the 
entire plasma generation region 41. In this ninth embodiment, h: v. ever, 
such magnetic force lines 43 are formed only at the periphery of the plasma 
generation region 41, with none being formed in the center thereof. 

With this configuration also it is possible to generate high-density 
20 plasma in the center of the plasma generation region. This is because it is 
possible to make the high-energy electrons trapped in the magnetic force 
lines 43 to exhibit high-frequency oscillation. 

That is. in this embodiment, in the center of the plasma generation 
region 41, all of the magnetic force lines 43 intersect the two walls 17 and 18. 
25 Thus, in this portion, the number of high-energy electrons trapped in the 
magnetic force lines becomes small. As a result, in this portion, the first 
plasma generation efficiency declines. 
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In this embodiment, however, high-frequency electric power is applied 
to the bottom wall 18. Thus the high-energy electrons trapped in the 
magnetic force lines 43 are made to exhibit high-frequency oscillation. Aa a 
result, second plasma is generated. The second plasma generation 

5 efficiency is higher in the center of the plasma generation region 41 than at 
the periphery thereof. Thus the decline in the first plasma generation 
efficiency in the center of the plasma generation region 41 is compensated for 
by the second plasma. As a consequence, high-density plasma can be 
generated also in the center of the plasma generation region 43. 

10 In the description given above, a case is described wherein this 

embodiment is applied to the apparatus diagrammed in Pig. 1. However, so 
long as it is an apparatus configured such that high-frequency electric power 
is applied to one of the two walls 17 and 18, this embodiment may also be 
applied to apparatuses other than the one diagrammed in Fig. 1. 

15 Accordingly, this embodiment may also be applied to the apparatuses 
diagrammed in 2, 3, and 4. 

Performance comparisons are now made. 

Fig. 9 is a table m which the performance of multiple plasma 
generation apparatuses is compared. 

20 The plurality of plasma generation apparatuses here compared 

includes the plasma generation apparatus in the first embodiment (i.e. the 
apparatus diagrammed in Fig. 1), the plasma generation apparatus in the 
fourth embodiment (i.e. the apparatus diagrammed in Fig. 4). the plasma 
generation apparatus in the sixth embodiment (i.e. the apparatus 

25 diagrammed in Fig. 6). and a plasma generation apparatus wherein 
magnetron discharges are not used. 

The plasma generation apparatus wherein magnetron high-frequency 



35 



* ■ . + 



discharges are not used that is compared here is the apparatus diagrammed 
in Fig. 10. The apparatus diagrammed therein is the apparatus 
diagrammed in Fig. 2 with the discharge electrode 14 removed. With such a 
configuration as this, only the second plasma is generated by the high- 
5 frequency oscillations of the high-energy electrons trapped in the magnetic 
force lines 43. 

The performance categories compared include the plasma generation 
efficiency, the plasma density distribution controllability, how large the 
cahber of the apparatus becomes, and the apparatus cost, as seen in Fig. 9. 

10 The plasma generation efficiency here represents the degree to which high 
plasma density is realized. The plasma density distribution controllability 
represents the degree of difficulty in realizing uniform plasma density 
distributions. How large the caliber of the apparatus becomes represents 
the ability of the apparatus to handle substrates of large diameter. 

15 Performance is indicated by three symbols, namely a double circle, 

circle, and triangle. Here the double circle indicates the best performance, 
the circle indicates the second best performance, and the triangle represents 
the third best performance. 

Plasma generation efficiencies are now compared. 

20 As may be seen in Fig. 9, the plasma generation efficiency is higher in 

the apparatuses diagrammed in Fig. 1 and 4 than in the apparatuses 
diagrammed in Fig. 6 and 10. The reason for this is that, in the 
apparatuses diagrammed in Fig. I and 4, first plasma and second plasma are 
generated, whereas in the apparatus diagrammed in Fig. 6, only first plasma 

25 is generated, and in the apparatus diagrammed in Fig. 10* only second 
plasma is generated. The plasma generation efficiency is higher in the 
apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in Fig. 4. 
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This is because the efficiency with which high-frequency electric power is 
applied to the top wall 17 or bottom wall 18 is higher in the apparatus 
diagrammed in Fig. l than in the apparatus diagrammed in Fig. 4. 

Incidentally, if we represent the plasma generation efficiency of the 
5 apparatus diagrammed in Fig. 6 as 1. the plasma generation efficiency of the 
apparatus diagrammed in Fig. 1 is 4 or higher, and the plasma generation 
efficiency of the apparatus diagrammed in Fig. 4 is 4. Thus the plasma 
density is higher in the apparatus diagrammed in Fig. 4 than in the 
apparatuses diagrammed in Fig. 6 and 10, and higher still in the apparatus 
10 diagrammed in Fig. 1. 

Plasma density distribution controllability is now compared. 
Plasma density distribution controllability is expressed as the range 
through which the plasma density distribution can be electrically controlled. 
This range is broader in the apparatus diagrammed in Fig. l than in the 
15 apparatus diagrammed in Fig. 4. The reason for this is that, with the 
apparatus diagrammed in Fig. l, the first and second plasma densities can 
be controlled independently, whereas with the apparatus diagrammed in Fig. 
4. these densities cannot be independently controlled. Consequently, the 
degree of difficulty in achieving uniform plasma density distribution is lower 
in the apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in 
Fig. 4. 

In the apparatuses diagrammed in Fig. 6 and 10. furthermore, plasma 
density is higher than in the conventional apparatus, and the plasma density 
distribution is more uniform. In these apparatuses, however, the plasma 
density distribution cannot be electrically controlled. This is so because only 
the density of the first plasma is controlled in the apparatus diagrammed in 
Fig. G. and only the density of the second plasma is controlled in the 
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apparatus diagrammed in Fig. 10. 

Apparatus caliber enlargement is now compared. 

Apparatus caliber enlargement is expressed in terms of how large the 
aperture diameter is. This larger caliber size is easier to implement in the 
apparatus diagrammed in Fig. 4 than in the apparatuses diagrammed in Fig. 
6 and 10. This is due to the fact that, whereas in the latter it is not possible 
to electrically control the plasma density distribution, in the former it is 
possible to do so. The larger caliber size is also easier to implement in the 
apparatus diagrammed in Fig. 1 than in the apparatus diagrammed in Fig. 4 . 
This is because plasma density distribution controllability is better in the 
former than in the latter. Therefore, in terms of handling larger and larger 
substrate diameters, the apparatus diagrammed in Fig. 4 is better than the 
apparatueea diagrammed in Fig. 6 and 10, and the apparatus diagrammed in 
Fig. 1 ia better still. 

15 Apparatus cost is now compared. 

Apf aiatus cost is expressed in terms of how inexpensive an apparatus 
is. The cost of all these apparatuses is low. Among them, however, the 
apparatuses diagrammed in Fig. 4. 6. and 10 are less expensive than the 
apparatus diagrammed in Fig. 1. This is due to the fact that, whereas only 
one high-frequency oscillator is provided in the former apparatuses, two are 
provided in the latter apparatus. 

Nine embodiments are described in detail in the foregoing. The 
present invention, however, is in no way limited to those embodiments. 

For example, the embodiments are described above as having two walls 
17 and 18 formed of a material exhibiting electrical conductivity. In the 
present invention, however, these may be formed of materials exhibiting 
insuiative properties. When this is done, with such a configuration as this. 
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it is possible to eliminate metal contamination from the walls 17 and 18. 

The foregoing embodiments are described, moreover, as having the 
walls 17 and 18 positioned horizontally, and as having the discharge 
electrode 14 positioned vertically. In the present invention, however, the 
walls 17 and 18 may be positioned vertically and the discharge electrode 14 
positioned horizontally. 

In the foregoing embodiments, furthermore, the walls 17 and 18 are 
described as being provided separately from the top plate 111 and bottom 
plate 1 12. In the present invention, however, the top plate 1 1 1 and bottom 
plate 1 12 may be used as the walls 17 and 18, respectively. 

Needless to say. the present invention can be variously modified in 
other ways so long as the essential idea thereof is not departed from. 
The benefits of the present invention are now discussed. 

When the plasma generation apparatus cited in Claim 1 above is 
implemented, the magnetic force lines that pass through the center of the 
plasma generation region are established so that they do not intersect the 
two walls. Thus high-density plasma can be generated at the center of the 
plasma generation region as well as at the periphery thereof. 

When the plasma generation apparatus cited in Claim 2 is 
implemented, the two walls in the apparatus cited in Claim 1 are formed of a 
material exhibiting electrical conductivity. It is thus possible to electrically 
control plasma density using these walls. 

When the plasma generation apparatus cited in Claim 3 is 
implemented, high-frequency electric power is applied to one of the two walls 
in the apparatus cited in Claim 2. It is thus possible to improve plasma 
generation efficiency in the center of the plasma generation region. 

When the plasma generation apparatus cited in Claim 4 is 
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implement*, the other of the two walls in the apparatus cxted in Claim 3 is 
connected to a reference potential poxnt. Thus it is possible to reduce metal 
contamination from the other electrode surface connected to the reference 
potential point. 

When the plasma generation apparatus cited in Claim 5 is 
implemented, the other of the two walls in the apparatus cited in Claim 3 is 
established in an electrically floating state. It is thus possible to reduce the 
damage done to that other wall of the two walls by the sheath voltage. 

When the plasma generation apparatus cited in Claim 6 is 
implemented, the other of the two walls is used a, a holder for holding the 
object being treated in the apparatus cited in Claim 4 or 5. It is thus 
possible to reduce the damage done to the object being treated by the sheath 
voltage. 

When the plasma generation apparatus cited in Claim 7 is 
implemented, the high-frequency electric power applied to the discharge 
electrode and the high-frequency electric power applied to one of the two 
walls are output from separate high-frequency electric power supplies. It is 
thus possible to establish the magnitudes of these two high-frequency 
olectric power levels independently. As a consequence, it is possible also to 
establish a uniform plasma density distribution in the radial dimension of 
the discharge electrode. 

When the plasma generation apparatus cited in Claim 8 is 
.mpleraented, the high-frequency electric power on one of the two walls in 
the apparatus cited in Claim 3 is applied from the discharge electrode high- 
frequency electric power supply via a high-frequency resonant circuit. It is 
thus possible to limit the number of high-frequency power supplies to one. 

When the plasma generation apparatus cited in Claim 9 is 
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implemented, both of the two walls in the apparatus cited in Claim 2 axe 
connected to the reference potential point. It is thus possible to reduce the 
damage done to the two walls by the sheath voltage. 

When the plasma generation apparatus cited in Claim 10 is 
implemented, a controller is provided for controlling the magnitude of the 
high-frequency electric power applied to the discharge electrode in the 
apparatus cited in Claim 1. It is thus possible to control the density of the 
first plasma. 

When the plasma generation apparatus cited in Claim 11 is 
implemented, a controller or controllers are provided for controlling the 
magnitude of the high-frequency electric power output from the first and 
second high-frequency electric power supplies. It is thus possible to control 
the densities of the first and second plasmas. As a result, it is possible to 
control the plasma density distribution in the radial dimension of the 
15 discharge electrode. 

When the plasma generation apparatus cited in Claim 12 is 
implemented, in cases where the magnitudes of the high-frequency electric 
power output from the first and second high-frequency electric power 
supplies are controlled, in the apparatus cited in Claim 11. that control is 
effected so that the ratio between the two power levels is always a 
predetermined value. It is thus possible, when controlling plasma density, 
to effect such control so that the prescribed plasma density distribution is 
always maintained. It is also possible to reduce operator work load when 
controlling the magnitude of the high-frequency electric power. 

When the plasma generation apparatus cited in Claim 13 is 
implemented, by controlling the magnitude of the high-frequency electric 
power applied to the discharge electrode in the apparatus cited in Claim 8, 
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the magnitude of the high-frequency electric power applied to one of the two 
walla can be controlled automatically. It is thus possible to reduce the 
operator work load when controlling the magnitude of the high-frequency 
electric power- 
When the plasma generation apparatus cited in Claim 14 La 
implemented, the positions of the two walls in the apparatus cited in Claim 1 
can be adjusted. Thua it is possible, after assembling the apparatus, to 
form the magnetic force lines so that they do not intersect the two walls. It 
therefore becomes easy to form such magnetic force lines. 

When the plasma generation apparatus cited in Claim 15 is 
implemented, one of the two walls is used as a diffusion plate in the 
apparatus cited in Claim 1. It is thus possible to diSuse the discharge gas 
uniformly in the plasma generation region. Furthermore, the other of the 
two walls is used as a holder for the object being treated when performing 
prescribed treatments on objects being treated using plasma. It is thus 
possible, when configuring a plasma treatment apparatus using this 
apparatus, to keep the configuration simple. 

When the plasma generation apparatus cited in Claim 16 is 
implemented, high -frequency electric power is supplied to one of the two 
walls. It is thus possible to generate high-frequency oscillation discharges 
in addition to magnetron discharges. As a consequence, even when there 
are no magnetic force lines that do not intersect the two walls, it is possible 
to generate high-density plasma in the center of the plasma generation 
region. 
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